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TThe Inluence off Endogenous and 
Exogenous Spaftfial Aftftenftfion on 
Decfisfion Confidence
PThfilfipp Kurftz1,2, KaftTharfine A. SThapcoftft1, JocThen Kafiser  2, JoscTha T. ScThmfiedft1 & MficThael C. 
ScThmfid1,3
Spaftfial aftftenftfion alows us fto make more accurafte decfisfions abouft evenfts fin our envfironmenft. Decfisfion 
confidence fis ftThougThft fto be finftfimaftely lfinked fto ftThe decfisfion makfing process as confidence raftfings 
are ftfigThftly coupled fto decfisfion accuracy. WThfile boftTh spaftfial aftftenftfion and decfisfion confidence Thave 
been subjecfted fto exftensfive researcTh, surprfisfingly lfiftftle fis known abouft ftThe finfteracftfion beftween ftThese 
ftwo processes. Sfince aftftenftfion fincreases perfformance fift mfigThft be expecfted ftThaft confidence would 
also fincrease. However, ftwo sftudfies finvesftfigaftfing ftThe effecfts off endogenous aftftenftfion on decfisfion 
confidence ffound conftradficftory resulfts. Here we finvesftfigafted ftThe effecfts off ftwo dfisftfincft fforms off 
spaftfial aftftenftfion on decfisfion confidence; endogenous aftftenftfion and exogenous aftftenftfion. We used 
an orfienftaftfion-maftcThfing ftask, comparfing ftThe ftwo aftftenftfion condfiftfions (endogenous and exogenous) 
fto a conftrol condfiftfion wfiftThouft dfirecfted aftftenftfion. Parftficfipanfts perfformed beftfter under boftTh aftftenftfion 
condfiftfions ftThan fin ftThe conftrol condfiftfion. HfigTher confidence raftfings ftThan ftThe conftrol condfiftfion were 
ffound under endogenous aftftenftfion buft noft under exogenous aftftenftfion. TThfis findfing suggesfts ftThaft 
wThfile aftftenftfion can fincrease confidence raftfings, fift musft be volunftarfily deployed ffor ftThfis fincrease fto ftake 
place. We dfiscuss possfible fimplficaftfions off ftThfis relaftfive overconfidence ffound only durfing endogenous 
aftftenftfion wfiftTh respecft fto ftThe ftTheoreftfical background off decfisfion confidence.
Spaftfial aftftenftfion fis a ffundamenftal aspecft off everyday lfiffe ftThaft Thelps us carry ouft eficfienft percepftual decfisfions. 
The lfifterafture dfifferenftfiaftes beftween ftwo fforms off spaftfial aftftenftfion: endogenous (or ftop-down) aftftenftfion fis vol-
unftary deployed and susftafined1, exogenous (or boftftom-up) aftftenftfion Thowever, occurs relexfively2. ‘Relexfive’ and 
‘volunftary’ fin ftThfis conftexft reffer fto ftThe findfing ftThaft perfipTheral cues (fi.e. placed near or dfirecftly aft ftThe experfimen-
ftal ftargeft sftfimulus) ftThaft are used fto gufide exogenous aftftenftfion cannoft be fignored or finfterrupfted volunftarfily2, 3, 
wThereas cenftral cues (fi.e. placed away ffrom ftThe ftargeft, often around ftThe fixaftfion pofinft) ffor endogenous aftftenftfion 
rely on ftThe valfidfifty off ftThe cue and ftThe wfilfingness or cognfiftfive conftrol off ftThe subjecfts fto deploy ftThefir aftftenftfion3. 
Addfiftfionaly, ftfime courses are dfifferenft beftween ftThe ftwo fforms off aftftenftfion: Exogenous aftftenftfion fis very rapfidly 
deployed. Ift ftakes only 90–120 ms unftfil an aftftenftfion effecft wfiftTh a perfipTheral cue can be deftecfted, yeft benefifts only 
lasft unftfil 300 ms ffolowfing cue onseft1, 4, 5. Endogenous aftftenftfion on ftThe oftTher Thand fis engaged only 300–500 ms 
after onseft off a cenftral cue1, 4, 5 buft can be kepft aft one locaftfion ffor aft leasft 1200 ms1. Thereffore, due fto ftThe dfifferenft 
pThenoftypes off ftThese ftwo fforms off spaftfial aftftenftfion ftThey are belfieved fto arfise ffrom dfisftfincft neuronal mecThanfisms6, 7 
and mfigThft dfifferenftly affecft percepftual decfisfion makfing. Prevfious researcTh esftablfisThed ftThaft endogenous aftftenftfion 
can fincrease percepftual decfisfion accuracy8–11. WTheftTher exogenous aftftenftfion Thas a sfimfilar effecft fis noft wel under-
sftood. A prfimary goal off ftThfis sftudy was ftThereffore fto dfirecftly compare ftThe effecfts on endogenous vs exogenous 
spaftfial aftftenftfion on percepftual decfisfion accuracy.
A second goal was fto undersftand ftThe benefifts off aftftenftfion on decfisfions beyond accuracy, namely on decfisfion 
confidence. Decfisfion confidence descrfibes ftThe probabfilfifty ftThaft a decfisfion fis correcft or accurafte as esftfimafted by 
ftThe subjecfts ftThemselves gfiven ftThe evfidence avafilable12. People can finftufiftfively reporft confidence wfiftTh numerfical 
raftfings13 or on a conftfinuous scale14, 15. Recenft neuropThysfiologfical sftudfies Thave argued ftThaft ftThfis fis so easy because 
an evaluaftfion off ftThe qualfifty off ftThe evfidence fis finTherenft fto every decfisfion process16, 17. Several models off decfisfion 
confidence ftThereffore assume ftThaft ftThe sensory evfidence (fi.e. ftThe finfformaftfion abouft ftThe sftfimulus ftThaft fis avafilable 
1Ernsft Sftrüngmann Insftfiftufte (ESI) ffor Neuroscfience fin cooperaftfion wfiftTh Max Planck Socfiefty, Frankffurft, Germany. 
2Insftfiftufte off Medfical PsycThology, GoeftThe Unfiversfifty, Frankffurft am Mafin, Germany. 3Insftfiftufte off Neuroscfience, 
Newcasftle Unfiversfifty, Newcasftle upon Tyne, UK. Correspondence and requesfts ffor mafterfials sThould be addressed fto 
M.C.S. (emafil: MficThael.ScThmfid@newcasftle.ac.uk)
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fto ftThe subjecft) fis ftThe major finpuft fto ftThe compuftaftfion off confidence raftfings14, 16, 18–21. In sfimplfified fterms ftThese 
models compufte a decfisfion varfiable based on accumulafted sensory evfidence wThficTh deftermfines ftThe cThofice ftThe 
subjecft makes fin ftThe ftask. Decfisfion confidence fis ftThen derfived ffrom ftThe sftrengftTh off ftThe sensory evfidence ffor ftThe 
respecftfive decfisfion. Indeed, confidence fis coupled fto ftThe objecftfive qualfifty off a decfisfion (perfformance)22, 23, buft fift 
can also be modulafted by a number off conftexftual ffacftors. For example ftask ftype24, ftask finsftrucftfion23, ffeedback25, 
decfisfion ftfime26 and findfivfidual dfifferences27 al finluence decfisfion confidence. Recenft psycThopThysfical and neuro-
pThysfiologfical sftudfies Thave even suggesfted a separafte process ffor ftThe calculaftfion off confidence13, 28, 29.
MfigThft spaftfial aftftenftfion finluence percepftual confidence? Iff confidence and perfformance are a resulft off ftThe 
very same brafin process, one mfigThft expecft a posfiftfive effecft off aftftenftfion on boftTh. Iff Thowever, confidence and per-
fformance arfise ffrom separafte processes, aftftenftfion may affecft boftTh dfifferenftly. To ftThe auftThors’ knowledge only ftwo 
sftudfies so ffar Thave finvesftfigafted ftThe finluence off spaftfial aftftenftfion on percepftual confidence. A sftudy by Wfilfimzfig 
eft al.30 reporfted ftThaft spaftfial aftftenftfion Thas no finluence on decfisfion confidence. In conftrasft, Zfizlsperger eft al.29 
ffound ftThaft boftTh spaftfial and ffeafture-based aftftenftfion Thave larger effecfts on confidence ftThan on perfformance, and 
may even cause over-confidence. They argued ftThereffore ftThaft decfisfions and decfisfion confidence are lfikely fto arfise 
ffrom aft leasft parftfialy separafte brafin processes, wThficTh are dfifferenftly finluenced by endogenous aftftenftfion.
In ftThfis sftudy we provfide supporftfing evfidence ffor ftThe findfings off Zfizlsperger eft al. on ftThe effecfts off endogenous 
aftftenftfion. In addfiftfion, we sThow ftThaft ftThfis findfing cannoft be exftended fto exogenous aftftenftfion. WThfile boftTh endoge-
nous and exogenous aftftenftfion enThanced perfformance, only endogenous aftftenftfion fincreased confidence raftfings. 
We sThow ftThaft ftThfis fincrease could noft be explafined solely by enThanced perfformance, wThficTh findficaftes relaftfive 
overconfidence resulftfing ffrom endogenous aftftenftfion.
Thereffore, our resulfts demonsftrafte ftThaft fift fis only ftThe volunftary (endogenous) fform off aftftenftfion ftThaft affecfts 
boftTh perfformance and confidence wThfile ftThe relexfive (exogenous) fform off aftftenftfion affecfts perfformance buft noft 
confidence.
Resulfts
28 parftficfipanfts (23 were analyzed, see MeftThods) perfformed an orfienftaftfion maftcThfing ftask wfiftTh sfinusofidal graftfings 
under ftThree dfifferenft condfiftfions: endogenous aftftenftfion wfiftTh cenftral cuefing, exogenous aftftenftfion wfiftTh perfipTheral 
cuefing and a conftrol condfiftfion wfiftThouft cuefing. Every parftficfipanft perfformed 100 ftrfials per condfiftfion. Aft ftThe end 
off eacTh ftrfial, parftficfipanfts gave a confidence raftfing abouft ftThefir perfformance fin ftThe respecftfive ftrfial (Ffig. 1).
To assess ftThe finluence off aftftenftfion, we finfiftfialy compared wTheftTher perfformance and confidence dfiffered 
beftween a condfiftfion wfiftThouft cue and endogenous and exogenous cuefing. Ffigure 2a sThows mean values ffor per-
fformance fin every subjecft. Perfformance was more accurafte wThen aftftenftfion was endogenously or exogenously 
cued compared wfiftTh ftThe no-cue condfiftfion. To quanftfiffy ftThfis effecft and summarfize fift across al subjecfts, a one-way 
repeafted-measures ANOVA confirmed a sfignfificanft effecft off aftftenftfion condfiftfion on perfformance (F (dff = 2, 
44) = 7.48, p = 0.002). Compared fto ftThe no-cue condfiftfion (27.5° ± 9.95°), perfformance was sfignfificanftly ThfigTher 
under endogenous aftftenftfion (23.6° ± 9.41°) (ft (dff = 22) = 3.5, p = 0.006). Sfimfilarly, perfformance was sfignfificanftly 
Ffigure 1. Orfienftaftfion maftcThfing ftask. Parftficfipanfts aftftempfted fto reproduce ftThe orfienftaftfion off a graftfing ftesft 
sftfimulus usfing arrow keys fto fturn ftThe response sftfimulus. Afterwards ftThey reporfted ftThe confidence fin ftThefir 
decfisfion on a conftfinuous scale, agafin usfing arrow keys. Durfing ftThe fixaftfion and cuefing perfiod efigThft grey cfircles 
findficafted ftThe possfible locaftfions aft wThficTh ftThe graftfing could appear. The average ftrfial ftfime was ftThe same across ftThe 
ftThree condfiftfions and ftThe only dfifference fin ftThe ftrfial sequence beftween condfiftfions was durfing ftThe cuefing perfiod. 
In ftThe endogenous condfiftfion a ffovealy presenfted “Posner” lfine pofinfted ffor 300–500 ms fto ftThe locaftfion wThere 
ftThe sftfimulus would appear. In ftThe exogenous condfiftfion a smal grey doft was brfiely (16 ms) lasThed fimmedfiaftely 
nexft fto ftThe locaftfion off ftThe ftargeft. Sftfimulus onseft asyncThrony (SOA) beftween cue and ftargeft onseft was 90–110 
ms fin ftThe exogenous condfiftfion. BoftTh cues were 100% valfid.
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beftfter under exogenous aftftenftfion (25.08° ± 9.03°) compared fto ftThe no cue condfiftfion (ft (dff = 22) = 2.87, p = 0.027). 
AlftThougTh ftThere was a smal ftrend ffor beftfter perfformance under exogenous compared fto endogenous aftftenftfion, 
ftThe dfifference was noft sftaftfisftficaly sfignfificanft (ft (dff = 22) = 1.35, p = 0.57).
For decfisfion confidence a slfigThftly dfifferenft paftftern was observed. The dfisftrfibuftfion ffor endogenous aftftenftfion 
sThows ftThaft mean confidence raftfings were ThfigTher ftThan fin ftThe oftTher ftwo condfiftfions (Ffig. 2b). As ftThe dfisftrfibuftfions off 
confidence values were noft normaly dfisftrfibufted, we used a non-parameftrfic Frfiedman ftesft fto sftaftfisftficaly compare 
ftThe effecft off aftftenftfion condfiftfion on confidence raftfings. Thfis gave a CThfi-square value off 12.9 (dff = 2, 44), wThficTh 
was sfignfificanft (p = 0.002). Posft-Thoc comparfison wfiftTh Wfilcoxon sfigned rank ftesfts findficafted a dfifference beftween 
medfian confidence fin ftThe no-cue condfiftfion (medfian = 0.67,  mean = 0.65 ± sftandard  devfiaftfion = 0.15) and fin 
ftThe endogenous aftftenftfion condfiftfion (0.72, 0.72 ± 0.13) (Z = −3.25, p = 0.003). In addfiftfion, mean confidence fin 
ftThe endogenous aftftenftfion was ThfigTher ftThan fin ftThe exogenous aftftenftfion condfiftfion (0.68, 0.66 ± 0.13) (Z = 3.41, 
p = 0.002). However, ftThere was no dfifference beftween exogenous aftftenftfion and no-cue condfiftfions (Z = −0.91, 
p = 1). TThus, wThfile boftTh aftftenftfion condfiftfions enThanced perfformance, only endogenous cuefing resulfted fin 
fincreased confidence raftfings.
We ftThen finvesftfigafted wTheftTher aftftenftfion cThanged ftThe relaftfionsThfip beftween perfformance and confidence. To 
accommodafte ffor ftThe dfifferenft dfisftrfibuftfions underlyfing ftThe confidence vs perfformance measures, we bfinned sfin-
gle subjecft dafta finfto qufinftfiles based on perfformance. In every parftficfipanft ftThe mean confidence raftfing ffor al ftrfials 
fin ftThe respecftfive perfformance qufinftfile was calculafted ffor every condfiftfion (Ffig. 3a). A ftwo-way (3 aftftenftfion con-
dfiftfions x 5 perfformance bfins) repeafted measures ANOVA yfielded mafin effecfts off aftftenftfion (F (dff = 2,44) = 11.75, 
p < 0.001) and perfformance (F (dff = 4,88) = 45.25, p < 0.001), wThfile ftThere was no sftaftfisftficaly sfignfificanft finfter-
acftfion beftween boftTh ffacftors (F (dff = 8, 176) = 1.73, p = 0.09). Hence, endogenous aftftenftfion led fto ThfigTher confi-
dence raftfings firrespecftfive off ftThe perfformance level. Thfis sThowed ftThaft ftThe fincrease fin confidence wfiftTh endogenous 
aftftenftfion was noft jusft a ffafiftThfful relecftfion off enThanced perfformance, buft raftTher ftThaft ftrfials wfiftTh equal perffor-
mance sThowed ThfigTher confidence wfiftTh endogenous aftftenftfion ftThan fin ftThe conftrol condfiftfion. We cal ftThfis a relaftfive 
over-confidence. Exogenous aftftenftfion led fto ThfigTher perfformance buft noft fto ThfigTher confidence raftfings. Relaftfive 
overconfidence was ftThereffore ffound selecftfively ffor endogenous aftftenftfion.
To ffurftTher objecftfiffy ftThe fimpressfion fin Ffig. 3a ftThaft endogenous aftftenftfion led fto an upwards sThfiffft off ftThe 
perfformance-confidence relaftfionsThfip, a lfinear model was fift fto ftThe dafta ffor every parftficfipanft ffor every aftften-
ftfional condfiftfion. On ftThe resulfts off ftThe fiftftfing paramefters a repeafted-measures ANOVA was conducfted separaftely 
ffor slope (see Ffig. 3b) and finftercepft (see Ffig. 3c) off ftThe fiftfted relaftfionsThfip. Thfis sThowed ftThaft wThfile ftThere was no 
sfignfificanft effecft off condfiftfion on ftThe slope off ftThe lfinear fift (F (dff = 2,  44) = 1.98,  p = 0.1502), ftThe finftercepft dfiff-
ffered sfignfificanftly beftween condfiftfions (F (dff = 2,  44) = 14.4,  p < 0.0001). Mulftfiple comparfisons revealed ftThaft 
ftThe endogenous condfiftfion Thad a sfignfificanftly ThfigTher finftercepft ftThan boftTh no-cue (ft (22) = 4.57,  p < 0.001) and 
exogenous condfiftfions (ft (22) = 3.5,  p = 0.006). Agafin ftThere was no dfifference beftween no-cue and exogenous 
condfiftfion (ft (22) = −2.14, p = 0.13). We ftThereffore concluded ftThaft endogenous aftftenftfion led fto an upward sThfift off 
ftThe perfformance-confidence relaftfionsThfip leavfing ftThe slope off ftThe relaftfion finftacft. In conftrasft, exogenous aftftenftfion 
left ftThfis relaftfionsThfip unaffecfted. Thfis analysfis sThowed ftThaft ftThe relaftfive overconfidence we ffound ffor endogenous 
aftftenftfion was noft jusft an effecft off bfinnfing ftThe dafta. More elaborafte sftaftfisftfical analyses ftecThnfiques examfinfing finfter-
acftfions or usfing perfformance as covarfiafte (see Supplemenftary Analysfis S1) confirmed ftThese resulfts.
Ffigure 2. Perfformance and confidence compared across aftftenftfion condfiftfions. (a) Dfisftrfibuftfion off subjecft-
averaged perfformance dafta. Every doft represenfts ftThe mean perfformance off one parftficfipanft fin ftThe respecftfive 
condfiftfion. Every color corresponds fto one parftficfipanft sThowfing Thow ftThe findfivfidual parftficfipanft conftrfibufted fto 
ftThe observed resulft. BoftTh endogenous (left) and exogenous (rfigThft) aftftenftfion condfiftfions Thave greafter means 
(grand average) ftThan ftThe no-cue condfiftfion (cenfter). (b) Dfisftrfibuftfion off subjecft-averaged confidence dafta. Nofte 
ftThe sfimfilarfifty off ftThe exogenous and no-cue dfisftrfibuftfions. Means are findficafted fin black. Levels off sfignfificance 
were compufted usfing posft-Thoc comparfisons ffolowfing a one-way repeafted-measures ANOVA on mean values 
off parftficfipanfts. Asfterfisks denofte sfignfificanft resulfts off ftThe posft-Thoc comparfison; **p < 0.01, *p < 0.05, n.s.: noft 
sfignfificanft (p > 0.05). Error bars are sftandard error off ftThe mean.
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Ffinaly we wanfted fto confirm ftThaft ftThe correlaftfion beftween perfformance and confidence was also noft jusft an 
effecft off arftfificfial bfinnfing. Thereffore, we calculafted Spearman’s rTho ffor every parftficfipanft and ran a one-sample 
ft-ftesft across parftficfipanfts. Thfis analysfis confirmed ftThaft fin every condfiftfion ftThe correlaftfion was sftaftfisftficaly sfignfifi-
canft (no-cue: mean = −0.18 ± sftandard devfiaftfion = 0.12, ft (22) = −7.39, p < 0.001, endogenous: −0.22 ± 0.11, ft 
(22) = −9.51, p < 0.001, exogenous: −0.23 ± 0.12, ft (22) = −9.33, p < 0.001). However, usfing a one-way repeafted 
measures ANOVA no sftaftfisftfical dfifference beftween condfiftfions could be deftecfted (F (dff = 2, 44) = 1.58, p = 0.22). 
Thfis analysfis confirmed ftThere was a correlaftfion beftween perfformance and confidence and ftThaft ftThfis correlaftfion 
was comparable across condfiftfions.
One poftenftfial caveaft off ftThese resulfts mfigThft be ftThaft confidence was Theavfily clusftered fin ftThe ThfigTh confidence 
range. There was a ftendency fin some off ftThe subjecfts fto reporft ftThe ThfigThesft possfible confidence. However, even 
after exclusfion off al ftrfials fin wThficTh ftThe ThfigThesft possfible confidence was reporfted, nefiftTher ftThe effecft off aftftenftfion 
condfiftfion on perfformance nor on confidence cThanged qualfiftaftfively. Resulfts off ftThe repeafted-measures ANOVA 
and ffolowfing mulftfiple comparfisons are gfiven fin Supplemenftary Tables S2–S5.
AnoftTher possfibfilfifty was ftThaft parftficfipanfts mfigThft Thave perfformed or rafted confidence dfifferenftly dependfing 
on ftThe dfifference beftween sftarftfing orfienftaftfion off ftThe response graftfing and ftThe recaled sftfimulus. Thfis mfigThft Thave 
been because fift ffelft less dfificulft or was less dfificulft fto maftcTh ftThe orfienftaftfions fiff ftThfis dfifference was smal. Iff ftThe 
orfienftaftfion dfifference dfid finluence perfformance or confidence, ftThen we sThould Thave ffound ftThaft ftThese measures 
were correlafted fto fift. Thereffore, we calculafted ftThfis correlaftfion usfing Spearman’s rTho ffor ftThe 15 subjecfts ffor wThficTh 
Ffigure 3. RelaftfionsThfip beftween confidence and perfformance. (a) Mean confidence fis ThfigTher fin ftThe endogenous 
aftftenftfion condfiftfion ffor a wfide range off perfformances. For ftThfis ploft we bfinned sfingle subjecft dafta finfto qufinftfiles 
based on perfformance. SThown fis ftThe grand average ffor confidence fin ftThe respecftfive perfformance qufinftfile. Error 
bars are sftandard error off ftThe mean. (b–c) A lfinear model was fift fto ftThe dafta ffor every parftficfipanft ffor every 
aftftenftfional condfiftfion. SThown are ftThe mean values ffor ftThe slope (b) and ftThe finftercepft (c) off ftThe lfinear fift ffor every 
condfiftfion respecftfively. Asfterfisks denofte sfignfificanft resulfts off ftThe posft-Thoc comparfison; **p < 0.01, *p < 0.05, 
n.s.: noft sfignfificanft (p > 0.05). Error bars are sftandard error off ftThe mean.
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ftThe dfifference fin orfienftaftfion was recorded. We ftThen perfformed a one-sample ft-ftesft across parftficfipanfts ffor ftThe 
correlaftfion wfiftTh boftTh perfformance and confidence. Thfis yfielded no sfignfificanft resulft, nefiftTher ffor perfformance 
(ft (dff = 14) = −0.16, p = 0.88) nor ffor confidence (ft (dff = 14) = 1.12, p = 0.28). A medfiaftfing effecft off ftThe sftarftfing 
orfienftaftfion fis ftThereffore unlfikely.
A final conffound ftThaft we examfined was wTheftTher sysftemaftfic dfifferences fin gaze posfiftfion ftowards ftThe cued 
locaftfion and ftThereffore dfifferenftfial sensory finpuft mfigThft accounft ffor ftThe observed effecfts. Deftafils off ftThfis anal-
ysfis are provfided fin supplemenftary mafterfial (see Supplemenftary Ffigure S6). Gaze posfiftfions were noft sfignfifi-
canftly dfirecfted ftowards ftThe cued locaftfion fin efiftTher off ftThe aftftenftfion condfiftfions and ftThereffore could noft explafin ftThe 
observed dfifferences beftween ftThe aftftenftfion condfiftfions.
Dfiscussfion
We compared ftThe effecfts off endogenous and exogenous spaftfial aftftenftfion on perfformance and confidence durfing a 
percepftual decfisfion ftask. WThfile boftTh fforms off aftftenftfion led fto an fincrease fin perfformance, only endogenous aftften-
ftfion also led fto ThfigTher confidence raftfings. Addfiftfionaly we ffound ftThaft endogenous aftftenftfion wenft, fin some cases, 
beyond an accurafte relecftfion off ftThe enThanced perfformance and led fto relaftfive overconfidence. We ffound ThfigTher 
confidence wfiftTh endogenous aftftenftfion compared fto ftThe oftTher condfiftfions even wThen perfformance was poor. We 
sThowed ftThaft ftThfis effecft could noft be observed wfiftTh exogenous aftftenftfion, wThficTh dfid noft cThange ftThe relaftfionsThfip 
beftween perfformance and confidence.
Two prevfious sftudfies examfined ftThe effecfts off endogenous spaftfial aftftenftfion on decfisfion perfformance and con-
fidence and reporfted dfiscrepanft findfings. Our work supporfts ftThe findfings by Zfizlsperger eft al.29 ftThaft endogenous 
aftftenftfion fincreases decfisfion confidence more ftThan perfformance. Wfilfimzfig eft al.30 on ftThe oftTher Thand observed no 
effecft off aftftenftfion on confidence. As Zfizlsperger eft al. already pofinfted ouft ftThfis mfigThft be because Wfilfimzfig eft al. 
finsftrucfted parftficfipanfts fto answer “as ffasft and as accurafte as possfible” because ftThfis mfigThft Thave caused subjecfts fto 
rafte ftThefir confidence beffore ftThe compuftaftfion off fift was complefted. FurftThermore, fin Wfilfimzfig eft al.’s ftask perffor-
mance fincreased wfiftTh aftftenftfion buft confidence dfid noft, perThaps due fto a cefilfing effecft. Iff a ftask fis very easy, parftfic-
fipanfts sftfil someftfimes reporft low confidence. Thfis Thas been aftftrfibufted fto “a general fform off underconfidence”22, 31 
as lfiftftle efforft fis requfired and successes can be aftftrfibufted fto ftThe ftask desfign. Thfis mfigThft Thave been ftThe case fin ftThe 
aftftended condfiftfion fin Wfilfimzfig eft al.’s ftask, sfince fin ftThefir yes/no paradfigm perfformance could never be below 
50% correcft. Zfizlsperger eft al. used 4 possfible answers and we, aft leasft fin ftTheory, provfided 180, wThficTh subsftanftfialy 
fincreased overal uncerftafinfty and dfificulfty off ftThe decfisfion and ftThereffore sThould Thave prevenfted a cefilfing effecft.
The dfissocfiaftfion beftween ftThe effecfts off ftThe ftwo fforms off aftftenftfion adds supporftfing evfidence ffor ftThe ThypoftThesfis 
ftThaft endogenous and exogenous aftftenftfion are separafte processes4, 32. The neural neftworks ffor orfienftfing spaftfial 
aftftenftfion Thave noft yeft been fidenftfified unambfiguously buft fift Thas been proposed ftThaft aft leasft ftwo dfifferenft neft-
works exfisft ftThaft mfigThft correspond fto endogenous and exogenous aftftenftfion7 (buft see reffs 33, 34). The neural 
neftwork ffor decfisfion confidence16, 20 overlaps aft leasft fin parft wfiftTh ftThe neftwork lfinked fto endogenous aftftenftfion 
fin ftThe finftraparfieftal sulcus and fin ftThe pulvfinar nucleus off ftThe vfisual ftThalamus35, 36. How aftftenftfion and decfisfion 
confidence are finftegrafted aft ftThe neuronal level fis sftfil largely unknown. The resulfts off our experfimenfts findficafte 
ftThaft under ftThe ftesfted condfiftfions, endogenous, buft noft exogenous, aftftenftfion wfil finluence decfisfion confidence. 
NeuropThysfiologfical recordfings could ftesft ffor possfible neural neftworks wThficTh are responsfible ffor ftThe effecfts off ftThe 
dfifferenft fforms off aftftenftfion.
Prevfious sftudfies on decfisfion confidence Thave ffocused on wTheftTher confidence fis compufted aft ftThe ftfime pofinft 
off ftThe decfisfion (decfisfional locus model, see ffor example reff. 18) or wTheftTher fift ftakes finfformaftfion finfto accounft ftThaft 
was percefived after ftThe decfisfion (posft-decfisfional locus model, see ffor example reff. 37) (ffor a revfiew see reff. 38). 
However, ftThese models assume ftThaft confidence represenfts ftThe probabfilfifty off ftThe decfisfion befing correcft and can 
ftThereffore fin some way be read ouft ffrom ftThe sensory evfidence on wThficTh ftThe decfisfion fis based14, 16, 17, 19–21. A rela-
ftfively new ftTheory proposes ftThaft confidence could be obftafined fin a process ftThaft fis separafted ffrom ftThe decfisfion and 
can ftThereffore selecftfively be manfipulafted (fi.e. wfiftThouft manfipulaftfing ftThe sensory evfidence)13, 28, 29. WTheftTher ftThe 
objecftfive (perfformance) and subjecftfive evaluaftfion off a decfisfion (confidence) arfise ffrom ftThe same or ffrom dfiffer-
enft processes remafins an open quesftfion. Our findfings add supporftfing evfidence fin ffavor off a separaftfion beftween 
ftThese processes.
In ftTheory boftTh fforms off aftftenftfion could fin some way affecft ftThe evfidence accumulaftfion process and con-
sequenftly ftThe decfisfion varfiable, wThficTh deftermfines ftThe decfisfion fin a posfiftfive manner. Thfis fis relecfted fin ftThe 
fincreased perfformance fin boftTh aftftenftfion condfiftfions. Iff confffidence was obftafined mafinly dependfing on ftThe 
sftrengftTh off ftThe sensory evfidence ffor ftThe respecftfive decfisfion - as suggesfted by many models14, 16, 18–21 - one would 
expecft ftThaft fift would be affecfted by aftftenftfion fin ftThe same way as ftThe qualfifty off ftThe decfisfion fiftselff (perfformance). 
In our sftudy Thowever, confidence was only affecfted by one fform off aftftenftfion. Durfing exogenous aftftenftfion, con-
fidence ffafiftThffuly relecfted ftThe qualfifty off a decfisfion. For endogenous aftftenftfion we ffound selecftfive relaftfive over-
confidence relaftfive fto perfformance. Thfis dfissocfiaftfion can only be explafined wThen we assume a second, separafte 
process ffor obftafinfing confidence raftfings. WThfile aftftenftfion can fimprove ftThe firsft process (perfformance), fift seems 
fto Thave an even sftronger effecft on ftThe second process (confidence). Ift fis ftThe volunftary, or cognfiftfively conftroled, 
fform off aftftenftfion ftThaft affecfts ftThfis process wThfile ftThe relexfive, or finvolunftary, fform off aftftenftfion leaves fift uncThanged, 
suggesftfing ftThaft confidence mfigThft ulftfimaftely arfise ffrom ThfigTher cognfiftfive processes. AnoftTher findfing ftThaft mfigThft 
poftenftfialy lfink confidence fto ThfigTher cognfiftfive processes fis ftThaft parftficfipanfts are more lfikely fto be overconfidenft 
fin ThfigTher cognfiftfive ftasks ftThan fin percepftual ftasks24 (buft see reff. 39). Addfiftfionaly neural correlaftes off confidence 
Thave been ffound fin preffronftal areas40, ftThougThft fto be fimporftanft ffor cognfiftfive conftrol41. Taken ftogeftTher, ftThese 
consfideraftfions seft confidence aparft ffrom ftThe exfternaly ftrfiggered percepftual decfisfion process fiftselff and lfink fift 
fto meftacognfiftfive processes, fi.e. monfiftorfing mecThanfisms over percepftfion or memory usfing ThfigTh level conftrol42.
One lfimfiftaftfion fto ftThfis sftudy fis ftThaft ftThere fis no possfibfilfifty fto valfidafte posft-Thoc ftThaft ftThe experfimenftal manfipu-
laftfions realy resulfted fin ftThe deploymenft off dfifferenft fforms off aftftenftfion. Thfis clafim relfies on ftThe wel documenfted 
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dfifferences fin ftThe ftfime courses beftween exogenous aftftenftfion and endogenous aftftenftfion1, 4, 5, 43, 44. AnoftTher possfible 
caveaft fis ftThaft aftftenftfion mfigThft noft affecft confidence as sucTh buft sfimply ftThe reporftfing process off ftThfis finfternal con-
fidence value. For example, parftficfipanfts mfigThft Thave only reporfted “cerftafin” raftTher ftThan ftruly ffelft ftThfis way durfing 
ftThefir confidence raftfing, sfimply because ftThey ftThougThft ftThey sThould be more cerftafin under ftThfis ftask condfiftfion. Ift fis 
also possfible ftThaft fin ftThe exogenous aftftenftfion condfiftfion parftficfipanfts ffelft rusThed by ftThe sThorft SOA or were surprfised 
by ftThe cue and ftThereffore reduced ftThefir confidence raftfings accordfingly (However, an effecft off SOA could be ruled 
ouft aft leasft wfiftThfin condfiftfions (see Supplemenftary Analysfis S7)). In our experfimenft ftThese ffacftors cannoft be ruled 
ouft compleftely and our resulfts sThould ftThereffore be ffurftTher valfidafted fin combfinaftfion wfiftTh a greafter range off psy-
cThologfical meftThods assessfing meftacognfiftfive processes45.
Conclusfions
Relexfive aftftenftfion fto exfternal finfformaftfion does noft affecft ftThe assessmenft off a decfisfion fin a meftacognfiftfive process 
even fiff fift enThances ftThe objecftfive qualfifty off ftThe decfisfion. Decfidfing volunftarfily fto do so on ftThe oftTher Thand may lead 
us fto overesftfimafte ftThe qualfifty off our decfisfions. Thus, ThfigTher level cognfiftfive processes can finluence eacTh oftTher, 
wThfile ftThey appear fto be aft leasft parftfialy decoupled ffrom ftThe basfic relexfive processes ftThaft Thelp us percefive our 
envfironmenft fin an opftfimal manner.
MeftThodsSubjecfts. 28 ThealftThy parftficfipanfts perfformed ftThe ftask (12 ffemale, medfian age: 25 years). Al parftficfipanfts Thad 
normal or correcfted fto normal vfisfion. Wrfiftften finfformed consenft was obftafined ffrom al subjecfts. Al meftThods 
were carrfied ouft fin accordance wfiftTh relevanft gufidelfines and regulaftfions and approved by ftThe eftThfics commfiftftee off 
ftThe GoeftThe Unfiversfifty Medfical Faculfty. Parftficfipanfts 1–10 recefived smal gfifts ffor ftThefir parftficfipaftfion, parftficfipanfts 
11–28 were pafid € 15. Aparft ffrom 4 parftficfipanfts ffrom ftThe auftThor’s lab (fincludfing ftThe firsft auftThor), al parftficfipanfts 
were naïve fto ftThe ftask. Perfformfing ftThe ftask fincludfing ftrafinfing ftrfials, gfivfing finfformed consenft, ftask finsftrucftfions 
(See Supplemenftary Infformaftfion S8) and pauses ftook beftween one and one and a Thalff Thours.
Ffive parftficfipanfts (8, 9, 13, 21, and 26) perfformed aft cThance level and were ftThereffore excluded ffrom analysfis. 
We deftermfined parftficfipanfts aft cThance level by usfing ftThefir medfian accuracy, wThficTh ffrom random guesses beftween 
0 and 90 would be around 45°, and excluded al parftficfipanfts wfiftTh a medfian accuracy larger ftThan 40°. However, 
excludfing ftThese parftficfipanfts dfid noft qualfiftaftfively cThange ftThe observed effecft.
Task seftftfings were slfigThftly cThanged ffrom subjecft 17 onwards (see below) because off ffeedback ffrom parftficfipanfts 
wfiftThouft experfience fin psycThopThysfical experfimenfts. Comparfing ftThe descrfipftfive sftaftfisftfics beftween ftThe firsft and sec-
ond group off parftficfipanfts we ffound ftThaft perfformance was poorer fin ftThe second group fin al condfiftfions (endoge-
nous: mean = 18.41° ± sftandard devfiaftfion = 8.36 vs. 30.44° ± 5.67°; exogenous: 21.95° ± 10.49° vs. 29.15° ± 4.49°; 
no-cue: 22.77° ± 9.97° vs. 33.71° ± 5.84°). Thfis was relecfted also by lower confidence raftfings (endogenous: 
0.74 ± 0.083 vs. 0.68 ± 0.172; exogenous: 0.68 ± 0.116 vs. 0.64 ± 0.159; no-cue: 0.68 ± 0.128 vs. 0.6 ± 0.173). We 
aftftrfibufte ftThfis fto ftThe ffacft ftThaft ftThe second group fincluded only parftficfipanfts wfiftThouft experfience fin psycThopThysfical 
experfimenfts. The mafin dfifferences beftween condfiftfions, Thowever, were very sfimfilar ffor boftTh groups. Thereffore, al 
parftficfipanfts were ftreafted as one populaftfion.
Task Desfign. The experfimenft was perfformed fin a qufieft, dfimly lfift room. Parftficfipanfts placed ftThefir Thead fin 
a Theadresft ensurfing a consftanft vfiewfing dfisftance off approxfimaftely 60 cm. Sftfimulfi were presenfted on a Samsung 
SyncMasfter 2233RZ monfiftor wfiftTh a resoluftfion off 1680 by 1050 pfixels and a reffresTh rafte off 120 Hz46. Presenftaftfion 
was conftroled by a Del Compufter wfiftTh an Inftel Xeon W3503 processor (2.4 GHz) and a NVIDIA Quadro 2000D 
grapThfics card. The operaftfing sysftem was a 64-bfift Wfindows 7 Proffessfional. The experfimenftal procedure was pro-
grammed usfing ftThe PsycThftoolbox versfion 3.0.1247 ffor Maftlab versfion R2014b (MaftThworks Inc. TM).
The orfienftaftfion maftcThfing procedure sThown fin Ffig. 1 was based on a paradfigm used by WThfiftney eft al.48. Al 
sftfimulfi were presenfted on a grey background. Parftficfipanfts Thad fto fixafte a smal fixaftfion pofinft wfiftTh a dfiamefter off 
0.2 vfisual degrees fto sftarft a ftrfial. EfigThft lfigThft grey cfircles findficafted possfible sftfimulus locaftfions aft 5 degrees eccen-
ftrficfifty. Thfis presenftaftfion sftayed on ffor 500 mfilfiseconds (ms) after fixaftfion was acqufired and was ftThe same fin al 
ftrfials.
TThree dfifffferenft condfiftfions were ftesfted: endogenous versus exogenous cuefing and a no-cue condfiftfion. 
Condfiftfions were pseudo-randomly drawn on a ftrfial-by-ftrfial basfis so ftThaft every condfiftfion was ftesfted fin exacftly 
one ftThfird off ftThe ftrfials.
In ftThe no-cue condfiftfion ftThe finfiftfial presenftaftfion sftayed on ftThe screen ffor an addfiftfional 300–700 ms (ffrom 
parftficfipanft 17 onwards ffor 350–750 ms) after ftThe finfiftfial 500 ms fixaftfion perfiod unftfil ftThe sftfimulus was presenfted 
800–1200 ms after ftrfial onseft. Thfis condfiftfion served as a conftrol condfiftfion fto assess decfisfion perfformance and 
confidence fin ftThe absence off cued aftftenftfion.
In ftThe endogenous aftftenftfion condfiftfion a 1 vfisual degree long black lfine pofinftfing ffrom ftThe cenftral fixaftfion spoft 
ftowards one off ftThe locaftfions appeared wfiftThfin 200 ms after ftThe end off ftThe fixaftfion perfiod and sftayed on ffor a dura-
ftfion off 300–500 ms (ffrom parftficfipanft 17 onwards ffor 350–550 ms) finsftrucftfing ftThe subjecfts fto sThfift ftThefir aftftenftfion 
coverftly (wfiftThouft deftecftable eye movemenfts) fto ftThe findficafted locaftfion. Offseft off ftThe cue and onseft off ftThe ftargeft 
Thappened sfimulftaneously fin ftThfis condfiftfion.
In ftThe exogenous aftftenftfion condfiftfion after an addfiftfional 200–600 ms (ffrom parftficfipanft 17 onwards: 250–650 
ms) off ftThe finfiftfial dfisplay, a smal dark grey doft (0.5 vfisual degrees dfiamefter) was lasThed ffor 16 ms nexft fto ftThe 
locaftfion wThere ftThe sftfimulus would lafter appear relexfively drawfing ftThe subjecfts’ aftftenftfion fto ftThaft locaftfion. In ftThfis 
condfiftfion ftThe ftfime beftween cue onseft and ftargeft onseft was 90–110 ms. These sftfimulaftfion ftfimes were selecfted fto 
accommodafte ftThe known ftfime courses off endogenous and exogenous aftftenftfion1, 4, 5, 43, 44.
The sftfimulus was a cfircular (2 vfisual degrees dfiamefter) sfinusofidal graftfing. MficThelson conftrasft was beftween 
0.05 and 0.5 and was seft accordfing fto perfformance fin a sftafircase procedure durfing a prfior psycThopThysfical 
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ftThresThold measuremenft (see below). The spaftfial ffrequency off ftThe sftfimulus and response graftfing was 6 cycles per 
degree, wThficTh yfielded robusft effecfts ffor exogenous aftftenftfion fin a sfimfilar ftask49. The graftfing’s orfienftaftfion was ran-
domly drawn on every ftrfial. The ftargeft sftfimulus was presenfted ffor 80 ms ffolowed by a random wThfifte nofise mask 
ftThaft was presenfted ffor 100 ms fto prevenft afterfimages ftThaft could finluence ftThe decfisfion process.
After a 500 ms perfiod wfiftTh a blank screen, a second randomly orfienfted response graftfing was presenfted. 
Parftficfipanfts ftrfied fto maftcTh ftThe orfienftaftfion off ftThe response graftfing fto ftThe orfienftaftfion off ftThe sftfimulus graftfing by 
cThangfing ftThe orfienftaftfion off ftThe response graftfing fin sfteps off 1° wfiftTh ftThe arrow (left and rfigThft) keys on a keyboard. 
WThen saftfisfied wfiftTh ftThe orfienftaftfion off ftThe graftfings, parftficfipanfts pressed anoftTher key fto log fin ftThefir response. Then 
parftficfipanfts rafted ftThe confidence fin ftThefir decfisfion on a conftfinuous scale agafin usfing ftThe arrow keys fto move a 
slfider on ftThe scale. The scale sThowed ftThe ftransmfissfion ffrom red on ftThe left sfide off ftThe scale correspondfing fto low 
confidence, fto green on ftThe rfigThft sfide off ftThe scale ffor ThfigTh confidence. The sftarftfing pofinft off ftThe slfider was seft fto ftThe 
rfigThft edge. A value read ouft ffrom ftThe posfiftfion off ftThe slfider on ftThe scale beftween 0 ffor lowesft possfible confidence fto 
1 ffor ThfigThesft possfible confidence was recorded. The scale was dfivfided finfto 256 possfible values correspondfing fto a 
span off 256 pfixels, gfivfing ftThe fimpressfion off a conftfinuous scale. The lengftTh off ftThe scale fin vfisual degrees was 6.94.
Parftficfipanfts recefived an oral finsftrucftfion efiftTher fin EnglfisTh or German, wThficTh dfid noft conftafin speed or accuracy 
sftaftemenfts. Then ftThey perfformed a ftrafinfing sessfion off 30 fto 50 ftrfials usfing ftThe exogenous cue. These ftrfials were 
used fto deftermfine an findfivfidual MficThelson conftrasft ffor ftThe graftfings ffor eacTh subjecft wfiftTh a sftafircase ffuncftfion. 
Sfince ftThe response was gfiven on a conftfinuous scale we used 15° devfiaftfion as a correcft/fincorrecft crfifterfion fin ftThe 
sftafircase procedure. A correcft response decreased, and an fincorrecft response fincreased ftThe conftrasft by a sftep off 
0.05. We ftThen used ftThe lowesft conftrasft aft wThficTh parftficfipanfts were able fto perfform beftfter ftThan ftThe ftThresThold ffor ftThe 
mafin experfimenft. In ftThe acftual experfimenft parftficfipanfts perfformed a ftoftal off 300 ftrfials (100 ftrfials per condfiftfion).
Addfiftfionaly we recorded ftThe sftarftfing angle off ftThe response graftfing ffrom parftficfipanft 11 onwards fto cTheck ffor 
possfible finluences on responses. The SOA ffor endogenous ftrfials was prolonged fto 350–550 ms ffor subjecft 17–28 
because we noftficed ftThaft parftficfipanfts ftook longer ftThan expecfted fto alocafte aftftenftfion accordfing fto ftThe cue. In ftrfials 
wfiftTh exogenous aftftenftfion cues and fin ftrfials wfiftThouft cuefing we prolonged ftThe wafiftfing ftfime accordfingly fto obftafin 
consfisftenft ftrfial lengftThs.
Eye-Trackfing. The parftficfipanft’s eye movemenfts and pupfil dfiamefter were recorded ftThrougThouft ftThe wThole 
experfimenft fto ensure fixaftfion wfiftTh an Eyelfink 1000 Versfion 4.56 sysftem ffrom SR ResearcTh Lftd. (Mfissfissauga, 
Onftarfio, Canada). Gaze posfiftfion was used fto finfiftfiafte a ftrfial as soon as fift reacThed ftThe cenftral fixaftfion wfindow. 
Trfials were aborfted fiff gaze posfiftfion wenft ouftsfide ftThe fixaftfion wfindow beffore ftThe fixaftfion pofinft was fturned off. 
Eye-movemenft dafta was saved ffrom subjecft 7 onwards. The dfirecftfionalfifty off ftThe eye posfiftfion was assessed usfing 
a RaylefigTh ftesft.
Sftaftfisftfics. Al sftaftfisftfical ftesfts were programmed usfing ftThe Maftlab versfion 2011a and 2015b and fifts Sftaftfisftfics 
and MacThfine Learnfing Toolboxes (MaftThworks Inc.). The ftwo-way repeafted measures ANOVA was perfformed 
usfing ftThe RMAOV2 ffuncftfion50.
Perfformance was calculafted as ftThe absolufte devfiaftfion beftween ftThe response orfienftaftfion ftThaft parftficfipanfts Thad 
logged fin and ftThe orfienftaftfion off ftThe sftfimulus graftfing. Confidence was measured as a value beftween 0 and 1 fin 256 
sfteps, read ouft ffrom final posfiftfion off ftThe slfider on ftThe scale.
To assess ftThe sftaftfisftfical sfignfificance off effecfts across parftficfipanfts, we conducfted one-way repeafted-measures 
analyses off varfiance (ANOVA) ffor perfformance and a Frfiedman ftesft ffor confidence. WThen ftThese ftesfts revealed 
a sfignfificanft effecft (p < 0.05), posft-Thoc sftaftfisftfical comparfison was perfformed usfing pafired samples ft-ftesfts ffor 
perfformance and Wfilcoxon sfigned rank ftesfts ffor confidence wfiftTh a Bonfferronfi procedure correcftfing ffor mulftfiple 
comparfisons.
For ftThe analysfis off confidence accordfing fto perfformance level sfingle subjecft dafta was bfinned finfto qufinftfiles 
and mean confidence values off ftrfials fin eacTh condfiftfion were calculafted ffor every qufinftfile (Ffig. 3). Then a ftwo-way 
(3 aftftenftfion condfiftfions x 5 perfformance levels) repeafted measures ANOVA was perfformed fto assess sftaftfisftfical 
sfignfificance.
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